Summary. Hamster 
Introduction
Hoechst 33342 is a fluorescent DNA dye which was used by Hinkley et al (1986) to monitor sperm-egg fusion in sea urchin fertilization. It has the advantage that it gives a relatively small signal when not bound to DNA, and this makes the fluorescence of a fused spermatozoon easy to detect. Hoechst 33342 has subsequently been used to monitor sperm-oocyte fusion in mammalian fertilization (Conover & Gwatkin, 1988; Stewart-Savage & Bavister, 1988; Zuccotti et al, 1991) .
Hoechst 33342 is a membrane-permeant dye which passes reversibly into eggs and oocytes following incubation. Passive efflux of Hoechst 33342 from loaded oocytes therefore runs the risk of generating false fusion positives from spermatozoa that bind to, but do not fuse with, the loaded oocyte. In both sea urchin and mouse fertilization, efflux of Hoechst 33342 is slow enough to prevent false positives occurring and only fusions are recorded (Hinkley et al, 1986; Conover & Gwatkin, 1988) . By contrast, hamster oocytes lose Hoechst 33342 rapidly and false fusion positives can be generated (Conover & Gwatkin, 1988) . Zuccotti et al (1991) (Yanagimachi, 1982) . The current medium contains 140mmol NaCll"1 and 5mmol KC11"1 in place of the 124-8mmol NaCll"1 and 2-7mmol KC11"1, respectively. The osmolality of the medium used was 300mosmoll~', compared with 266mosmolF' for m-TAPL.
The current medium has been called modified m-TAPL. Ca2+-free modified m-TAPL contained 2-29 mmol MgCl2l_1 and lOOpmol EGTA 1", in place of 1-8 mmol CaCl2l_1. Guinea-pig spermatozoa were incubated in modified m-TAPL for 18 h at 37°C and were resuspended in fresh medium 1 h before use. Approximately 50-60% had undergone the acrosome reaction after incubation, and 80-90% of these spermatozoa were motile. Most of the remaining spermatozoa were clumped, but about 20-30% of these clumps were also motile. Incubated spermatozoa were prepared for electron microscopy as previously described (Green, 1978 Electron microscopy Spermatozoa were prepared for electron microscopy as previously described (Green, 1978) . Oocytes were fixed for 15 min in 1 % glutaraldehyde in 0-15 mol sodium cacodylate 1 " ' buffer, washed in the same buffer, and transferred to 1% Os04 in the same buffer for 2h. After washing three times in 0-2mol sodium acetatel-1 buffer, pH 51, oocytes were stained with 1 % uranyl acetate in the same buffer overnight at 4°C. They were then processed as for spermatozoa (Green, 1978 (Fig. 4) . Oocytes injected with propidium iodide show fluorescence in both cytoplasm and meiotic spindle (Figs 2   and 3 ). 
Dye-loaded oocytes
The transfer of Hoechst 33342 to bound, acrosome-intact hamster spermatozoa was studied either by impaling oocytes with Hoechst 33342 injection pipettes loaded with Hoechst 33342 (Fig. 1 Hoechst 33342 (Fig. 1) (Fig. 5a, b) .
Dye transfer from oocytes to spermatozoa following fusion Spermatozoa must undergo the acrosome reaction under conditions that preserve their motility if they are to become fusion competent and fertilization is to occur in vitro. Unfortunately, spermatozoa from the single strain of hamsters available in New Zealand do not undergo the acrosome reaction under conditions that normally induce the acrosome reaction and render hamster spermatozoa fusigenic. Moreover, the acrosome reaction can be induced only with the ionophore A23187 in 10-20% of spermatozoa, and these spermatozoa lose their motility. Since hamster colonies are tightly regulated here, and the cost of introducing new strains into the country is prohibitively high, capacitated guinea-pig spermatozoa were used instead (Yanagimachi, 1972) . Motile, acrosome-reacted guinea-pig spermatozoa bind to the plasma membrane of oocytes loaded with propidium iodide, and dye transfer normally occurs 5-45 minutes later (Fig. 3) . On some occasions, no spermatozoa showed dye transfer; on another, the number was as high as 17. As the number of spermatozoa that bind is normally about 20-40, the percentage showing dye transfer lies between 0 and about 41% of those bound. As yet, there appears to be no experimental variable that correlates with the number of spermatozoa to which dye is transferred by any one oocyte. Some spermatozoa adhere and continue to move vigorously for an hour or two but never show dye transfer. Other spermatozoa, which move more sluggishly after adhesion, may fuse after 20 min. Those nuclei showing propidium iodide transfer subsequently decondense (Fig. 3c-f) , whereas those that do not show dye transfer do not decondense. The intensity of fluorescence in the nucleus can fall with decondensation. In experiments in which pre-incubated, pipette-held spermatozoa were brought into contact with oocytes loaded with propidium iodide (n = 8), fusion occurred on three occasions (Fig. 6) (Hinkley et al, 1986; Conover & Gwatkin, 1988; Stewart-Savage & Bavister, 1988; Zuccotti et al, 1991 (Krishnan, 1975; Ciancio et al, 1988) , and passive movement into hamster oocytes is below the limit of detection. (Conover & Gwatkin, 1988; Zuccotti et al, 1991 Yanagimachi & Noda (1970) ), nor between oocytes. The only reasonable conclusion is that Hoechst 33342 can transfer to bound, but unfused, spermatozoa, whereas propidium iodide cannot.
The view that propidium iodide is membrane impermeant in oocytes in reinforced by the response of motile, acrosome-reacted (i.e. incubated) guinea-pig spermatozoa (Yanagimachi, 1972) Comparison of deformations of pipette-held spermatozoa with those produced by swimming spermatozoa suggests that the force of mechanical placement is higher. Whether this compressive force increases the likelihood of fusion by deforming the oocyte surface and increasing the area of contact is unknown at present, but clearly worth investigating further. Earlier work on the relation of motility to fusigenicity produced contradictory conclusions (Aitken et al, 1983; Barg et al, 1986) . However, where immotility produced an inability to fuse (Barg et al, 1986) , the immotility was caused by using the ionophore A23187 to induce the acrosome reaction. Since it is still unclear precisely how spermatozoa are rendered fusigenic by prolonged incubation (as here), it may be inappropriate to connect an absence of fusion with immotility. The preliminary data cited in this paper suggest that the acquisition of fusigenicity by spermatozoa may be a more complex process than simply undergoing an acrosome reaction, and that motility per se is not needed for fusion to
